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Description 

This invention relates to a tube for conveying fluids 
and of the kind having a tubular metal core covered in- 
ternally and externally by inner and outer layers of plas- 
tics mater'el, and also to a method of manufacturing 
such a tube. 

In known tubes of the kind set forth, the metal pro- 
vides the strength and stiffness of the tube and the plas- 
tics material protects the metal against both internal and 
external environmental corrosive, chemical or erosion 
effects. Essentially these are metal tubes protected in- 
ternally and externally by plastics coatings. 

It is known to manufacture tubes of the kind set forth 
by forming the tubular metal core of imperforate sheet 
material and providing the inner and outer layers of plas- 
tics material as extrusions inside and outside the metal 
core. A difficulty with this method is to interconnect the 
metal and plastics materials positively together, which 
is generally desirable for the composite tube to be most 
effective in use. One way of dealing with the difficulty 
which has been proposed has been to apply a coating 
of a graft polyethylene to the metal core and then to ex- 
trude a plastics layer on to that bonding coating. The 
coating is also applied as an extrusion, the coating and 
plastics layer being extruded onto the metal core from 
separate extrusion outlets of a common extrusion die. 
In another known method a perforate tubular metal core 
is used which is coated internally and externally by lay- 
ers of plastics material which are connected together 
through the perforations in the metal and are so retained 
to the metal. 

EP-A-0053590 discbses such a method of manu- 
facturing a composite tube from metal and plastics ma- 
terials for conveying fluids, comprising the provision of 
inner and outer layers of plastics material on an elongate 
tubular metal core. The inner layer is pre-formed as an 
extrusion of plastics material. A strip of metal having ton- 
gitudinally and laterally spaced openings which occupy 
at least 5% of the total surface area of the strip is wound 
onto the inner layer to form the elongate tubular core, 
edges of the strip being secured together to retain the 
tubular shape of the core. The inner layer and core as- 
sembly is then fed to an extrusion die in which the outer 
layer of plastics material is extruded onto the core to 
cover the externa! surface of the core and thereby cause 
the inner and outer layers to be integrally joined together 
through the openings in the metal strip of the core. 

According to this document, the thicknesses of the 
inner and outer plastics layers and the thickness of the 
strip are suitably chosen so as to ensure a required per- 
manent cold deformablllty. 

The present inventbn consists in a method of man- 
ufacturing a composite tube from metal and plastics ma- 
terials for conveying fluids, comprising the steps of feed- 
ing to a forming unit a strip of metal sheet having longi- 
tudinally and laterally spaced openings throughout its 
length occupying at least 5% of the total surface area of 
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the sheet, forming the strip into an elongate tubular core 
at the forming unit and securing edges of the strip to- 
gether to retain the tubular form, combining an inner lay- 
er of the plastics material with the core and extruding 
5 onto the core at an extrusion die an outer layer of plas- 
tics material to cover the external surface of the core 
and thereby cause the inner and outer layers to be in- 
tegrally joined together through the openings in the met- 
al strip of the core, the method being continuous for the 
to composite tube to be of indefinite length, the strip used 
being expanded and flattened metal sheet mesh, the 
formed core being heated before feeding to the extru- 
sion die, the inner layer of plasttes material being pre- 
formed as a lining for the core or formed by extrusion of 
15 the plastics material inside the core, and the Inner and 
outer layers being formed for each to have a thickness 
of at least 0.1 mm and for their combined thicknesses to 
be substantially equal to or greater than the thbkness 
of the metal sheet mesh. 
20 In the composite tube the metal sheet mesh and 
plastics materials function together to provide the tube 
with strength to resist internal and external pressures 
exerted by fluids conveyed by the tube in use through a 
range of operating temperatures and. when required, 
25 with a heat exchange capacity between inner and outer 
surfaces of the tube. 

The composite tube made by the method in accord- 
ance with the invention may be used for domestic and 
other purposes for conveying liquids and gases. It may 
30 be used as a pressure pipe and may be used in heating 
systems, providing heat exchange between its surfaces. 
For heat exchange purposes the metal sheet mesh and 
plastics materials are selected for their thermal conduc- 
tivity properties, and the thicknesses of the inner and 
35 outer layers relative to the thickness of the metal mate- 
rial of the tubular core may be significantly less than they 
might be for the tube when it Is intended for other pur- 
poses, as for example in pressurised fluid systems. 
At least for heat exchange applicattons of the com- 
40 posite tube it Is generally desirable for the inner and out- 
er layers of the plastics material to be of similar thick- 
nesses so that the metal core is centrally disposed in 
the composite wall of the formed tube. However, for 
some intended applications of the tube, including use in 
45 fluid distribution systems, It may be preferable for the 
plastics layers to be of dissimilar thicknesses. 

After the inner and outer layers have been applied 
to the tubular core the composite tube so formed may 
be pre-compressively stressed for use, for example for 
so use as a gas service pipe, by swaging It down to a re- 
duced cross-sectional size. In that form the tube may 
have a thinner wall thickness than a comparable tube 
made entirely from plastics material for serving a similar 
purpose, and/or it may be able to be subjected to higher 
55 internal fluid pressures than a comparable plastics pipe. 
The swaged-down tube is able to retain the reduced 
cross-sectional size more reliably than is usual when a 
tube made entirely of plastics material such as polyeth- 
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yiene is swaged down. 

The plastics layers protect the metal core from cor- 
rosion as well as contributing to the strength and heat 
transfer properties of the tube. 

At least one of the plastics layers, generally the in- 
ner layer, may be formed to present an uneven, undu- 
lated or roughened surface. This can assist in the trans- 
fer of heat to the tube from fluid in or in contact with the 
tube in use. The uneveness, undulations or roughening 
may be derived from the form of the surface or surfaces 
of the metal core covered by the plastics material. Either 
one or each of the plastics layers may alternatively 
present a smooth, even surface of the tube. 

By the integral joining of the inner and outer plastics 
layers through the openings of the metal core a positive 
interconnection of the plastics layers to the core Is ob- 
tained which prevents, or at least substantially retards, 
separatbn of the layers from the core. The secure inter- 
connection is retained even when the tube is swaged 
down to be pre-compressively stressed for use. 

Various factors may be relevant to the extent, size 
and shape of the openings provided in the metal mesh 
strip of which the tubular core is formed. For example, 
the selection may be dependent upon the metal and 
plastics materials being used, the desired operating re- 
quirements of the tube and/or the relevant thicknesses 
of the tubular core and inner and outer plastics layers. 
In general they will occupy 15%-30% of the surface ar- 
ea. The openings may be of various shapes. Typically 
the openings will be of circular, oval, square, rectangular 
or diamond shapes but they may be of other regular or 
irregular shapes. Typical minimum and maximum di- 
mensions for the openings are 0.5 mm and 3.0 mm re- 
spectively, with 0.75mm and 1.5mm the most usual di- 
mensions for domestic use of the tube. Other dimen- 
sions are possible. For some applications of the tube 
the openings may be of appreciably larger dimensions. 

The metal mesh of the strip may be the expanded 
and flattened metal sheet mesh known as EXPAMET 
The metal may be mild or stainless steel or aluminium, 
for example, but other metals and alloys may be used 
depending upon the quality and characteristics required 
of the tube. 

Forming of the metal mesh strip into the tubular core 
at the forming unit may be done in various ways. For 
example, the strip may be rolled over lengthwise into a 
tube. The strip might be formed initially into a generally 
U-shaped section and then have the limbs of the U 
turned over to complete the tubular shape. A preferred 
manner of producing the core is to wind the strip helically 
into the tubular form. The winding may be done on a 
mandrel, for example, or. if the inner layer is pre-formed. 
it may be done directly onto the inner layer. Adjoining 
edges of the lamina in the formed tubular core may be 
welded together either in overlapping or butting relatbn- 
ship. They may be mechanically interlocked instead, for 
example by overlapping and folding the edges. 

The plastics nnaterial for the inner and outer layers 



may be selected according to the intended use or char- 
acteristics of the tube. Generally plastics nnaterial hav- 
ing good chemical resistance and temperature perform- 
ance will be suitable for most uses. Typical materials for 
s heat exchange applications of the tube are perfluoro- 
alkoxyethylene, fluorlnated ethylene propylene, poly- 
ethylene, cross-linked polyethylene, polypropylene, pol- 
ytetrafluorethylene, chlorinated polyvinyl chbride and 
polyvinylidene difluoride. Others may be used. For dis- 
tribution of potable water and high pressure gas, poly- 
ethylene is suitable, and for district heating systems 
cross-linked polyethylene may be used. 

For heat exchange applicatbns of the tube in do- 
mestb usages the minimum thickness of O.Imm for both 
the inner and outer layers of the plastics material is 
workable but for fluid distribution purposes, for example 
of water or gas, it is generally desirable for the layers to 
have a thickness of at least 1.0mm. In respect of the 
latter typically the inner layer has a thickness of 1 Omm 
and the outer layer has a thickness of 3.0 to 1 5mm, de- 
pending upon the external cross-sectional dimension of 
the tube. 

When the inner layer of the plastics material is pro- 
vided as a pre-formed liner it is desirable for the tubular 
core to be a close fit about that layer when the two are 
subsequently assembled together The liner is conven- 
iently formed as an extrusion but It may possibly be 
formed as a moulding or In some other suitable manner. 

When the inner layer is provided inside the tubular 
core by extrusion, it may be extruded by means of an 
extrusion die positioned to extrude the plastics material 
straight into the inside of the core, or the plastics mate- 
rial may be applied externally of the core and penetrate 
through the openings of the core to the interior of the 
core to form the inner layer. A mandrel, die or other suit- 
able former may be located inside the tubular core which 
serves to collect and spread the plastics material on to 
the inside of the tubular core as the plastbs material 
penetrates through the openings. By applying the plas- 
tics material for the inner layer from outside the tubular 
core, the inner and outer layers can be extruded into the 
tubular core simultaneously from just one extrusion die. 

An embodiment of the Invention will now be de- 
scribed by way of example with reference to the accom- 
panying drawings in which : 

Figure 1 is a schematic view of a typical productbn 
line for manufacturing a tube in accordance with the 
present invention, in which metal strip is helically 
wound to form a tubular core of the tube; 

Figure 2 is a simplified perspective view of appara- 
tus used in the production line for helically winding 
and welding the metal strip and extruding inner and 
outer layers of plastics material onto the formed tu- 
bular core; 

Figure 3 and 4 are sections on lines 3-3 and 4-4 
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respectively of Figure 2; 

Figure 5 is an enlarged fragmentary schematic sec- 
tion through a cross-head extruder of the apparatus 
in Figure 2; 

Figure 6 is a simplified perspective view of alterna- 
tive apparatus which may be used for bending and 
welding the metal strip to form the tubular core; 

Figure 7 is a simplified perspective view of appara- 
tus used for helically winding and welding the metal 
strip about an inner layer of plastics material pro- 
vided as a pre-formed lining and extruding an outer 
layer of plastics material onto the formed tubular 
core; 

Figures B, 9 and 10 are sections on lines 8-8, 9-9 
and 10-10 respectively of Figure 7; and 

Figure 11 is a fragmentary section showing another 
form of joint between edges of the metal strip in the 
formed tubular core. 

The production line shown in Figure 1 of the draw- 
ings Is or the continuous manufacture of a tube of indef- 
inite length which has a tubular core of helically wound 
and welded expanded and flattened metal sheet mesh 
and inner and outer layers of plastics material applied 
to the inside and outside of the tubular core. The mesh 
is supplied to the line in coiled strip form. 

By the interstices of the metal mesh regularly cir- 
cumferentially and longitudinally spaced openings are 
present In the tubular core throughout its length The 
openings provide an open area of 1 5-20% In the total 
surface area of the core. 

As shown in Figure 1, the production line includes, 
in succession from the beginning of the line, a metal strip 
uncoiler 1, a strip welding unit 2, an accumulator 3, a 
helical winding unit 4, a weld head 5, a scarfing unit 6, 
a sizing unit 7, an extruder cross-head 8, sizing calibra- 
tor and spray bath 9, a haul-off unit 1 0, a sawing station 
11 and a tube coiler 12. 

The coiled mesh strip supplied to the production line 
is uncoiled at the uncoiler 1 before passing to the weld- 
ing unit 2 where successive strips are welded end-to- 
end for continuous production. From the welding unit 2 
the strip progresses to the accumulator 3 virtiere it is 
gathered until it proceeds to the helical winding unit 4. 
At the winding unit 4 the mesh strip 1 3, Figure 2, is 
wound helically around a mandrel 14 to form a tubular 
core 1 5, Figure 3. The mandrel 14 is selected to provide 
a desired internal diameter fpr the formed tubular core, 
and can be replaced to provide other internal diameters, 
if required. Adjacent edges of the helically wound strip 
1 3 overlap and are welded together at the weld head 5 
to secure the tubular form of the core 15. The welded 
tubular core then passes to the scarfing unit 6 where it 



is prepared for feeding into the sizing unit 7 at which 
variations in the diameter of the core from the required 
size are corrected. The tubular core is also heated to 
avoid subsequent thermal shock conditions when it 
5 passes through the extruder cross-head 8. At the ex- 
truder cross-head 8 the tubular core, still on the mandrel 
1 4, extends through a die 1 9 by which plastics material 
is extruded onto the exterior of the tubular core. That 
portion of the mandrel which extends through the die 1 9 
10 is reduced in diameter, as at 20, by the extent of the 
required thickness of the inner layer of plastics material 
of the formed composite tube. An annular space 21 is 
thus defined between the reduced diameter portion 20 
of the mandrel and the tubular core 15 at the die 19. 
15 Some of the extruded plastics material is forced by the 
extruding pressure to pass through the interstices of the 
mesh of the tubular core to fill that annular space 21, 
and so forms the inner layer (shown at 24 in Figure 4) 
of the plastics material of thetube against the inside of 
20 the tubular core. The rest of the extruded plastics ma- 
terial forms the outer layer of the material (shown at 25 
in Figure 4) around the outside of the tubular core, and 
is integrally joined to the inner layer 24 through the in- 
terstices of the mesh. 
25 From the extruder cross-head 8 the formed tube 
passes through the sizing calibrator and spray bath 9, 
being drawn from there by the haul-off unit 10 and leav- 
ing the mandrel 14 before running on to the sawing sta- 
tion 11, where the tube is cut to required, selectable, 
30 lengths or being collected on the tube coiler 1 2. 

The tube so formed is suitable for conveying various 
fluids and is a substantially rigid structural composite of 
the metal and plastics materials which function together 
to provide the tube with the strength required to resist 
35 the fluid pressures to which it may be subjected whilst 
it is in use. The tube may be used for conveying fluids 
in a range of operating temperatures. Its structure ena- 
bles appreciable heat exchange between its inner and 
outer surfaces. 
40 Another manner of forming the tubular metal core 
which may be employed is shown in Figure 6. Again ex- 
panded and flattened metal mesh strip is used. Instead 
of the helical winding unit 4 there is a forming unit 26 
. which bends the strip 13 longitudinally about the man- 
45 drel 14 to fomri the tubular core 15. The edges of the 
bent strip overlap and are welded together at the weld 
head 5 so that the formed tubular core 1 5 has a straight 
longitudinally extending welding joint 27. 

A further modification is shown in Figures 7 to 1 0 of 
50 the accompanying drawings. Here the inner layer of the 
tube produced is provided by a pre-formed plastics liner 
28, Figure 7. As before, expanded and flattened metal 
mesh strip 1 3 Is used to form the tubular core 15 which 
is produced by helically winding the strip and welding 
55 overlapping edges of the wound strip together. The plas- 
tics liner 28 is extruded from a conventional extrusion 
head into a tube of the desired thickness of the Inner 
layer of the formed tube. The liner 28 extends over the 
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mandrel 14, which Is of correspondingly smaller diame- 
ter than that used in the embodiment first described 
above, and the strip 13 is wound round the liner on the 
mandrel to form the tubular core, Figure 7, on the liner, 
Figure 9. Fromthewelding head, the liner 28 and tubular 5 
core 15 assembly is heated, passed through a sizing 
unit 7 and then continues on to an extruder cross-head 
8 where they extend through an extrusion die. Plastics 
material the same as or compatible with that of the liner 
26 is extruded from the die onto the exterior of the tubu- 
lar core to form the outer layer of the formed tube, Figure 
10. Under the extrusion pressure plastics material of the 
extruded outer layer penetrates through the interstices 
of the mesh strip of the tubular core, and under the pres- 
sure and heat becomes integrally joined to the liner 28, 
thereby bonding the inner and outer layers of the plas- 
tics material together and keying them to the tubular 
core. 

Instead of overiapping and welding the edges of the 
strip 13 in the forming of the tubular core 15, as de- 
scribed, the edges may be butted and welded, or, as 
shown in Figure 11 , they may be overlapped and folded 
so as to interlock them together mechanically Care has 
to be taken with this arrangement to ensure that there 
is proper coverage of the metal core by the inner and 
outer plastics layers at the interlocked edges of the strip. 

The tube made by the method, or by the method 
including any of the modifications, described may be 
used as a pressure pipe in numerous applications 
through a range of operating temperatures. 

For heat exchange application the core of the tube 
may be made of steel or aluminium flattened mesh. Pol- 
yvinylidene difluoride Is a suitable plastics material for 
the inner and outer layers, but other plastics may be 
used including: polyethylene, cross-linked polyethyl- 
ene, polypropylene, polyfluoroalkoxyethylene, fluorinat- 
ed ethylene propylene and chlorinated polyvinyl chlo- 
ride. The tube will generally be made in sizes ranging 
from 16mm-63mm (about 40mm most usually) outside 
diameter with the metal thickness 0.4mm and the plas- 
tics thickness In each of the inner and outer layers being 
0.2mm. Such a tube may operate typically under a pres- 
sure of 1 5 bar continuous at temperatures from -40% to 
150°C continuous with possible excursions to as high 
as 180'»C. 

Tests have shown that a 38mm Inside diameter tube 
having a steel expanded and flattened sheet mesh core 
and plastics inner outer layers of polyvinylidene difluo- 
ride will transfer heat through its wall at about 80% of 
that transferred through a tube of the same diameter 
made solely of new clean steel. However whilst the heat 
transferred through the wall of the all-steel, tube rapidly 
deterforated to 40% of the initial value due to corrosion 
and fouling of the metal, the tube made in accordance 
with the present invention as a structural composite of 
the steel mesh and plastics Inner and outer layers main- 
tained substantially the same heat transfer level. A typ- 
ical heat transfer rate for the 38mm internal diameter 
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tube with a total wall thickness of 1 .B3mm and Internal 
and external layers of plastics each of 0.3mm thickness, 
has been calculated to be 82W/m^**C. 

For a water distribution application the core of the 
tube is preferably made of steel expanded and flattened 
sheet mesh. For potable water distribution polyethylene 
is conveniently used for the inner and outer plastics lay- 
ers of the tube, and for distrbt heating cross-linked pol- 
yethylene is appropriate for those layers. The tube will 
generally be made in sizes In the range 90mm-400mm 
outside diameter for potable water and 63mm-200mm 
outside diameter tor distrbt heating with a typical inner 
layer thickness of 1mm and outer layer thickness of 
3mm-15mm, depending upon the outside diameter of 
the formed tube. Typically the tube may operate under 
a pressure of 16 bar continuous at a temperature of 
20° C when distributing potable water, and under a pres- 
sure of 15 bar continuous at a temperature of 135°C 
when distributing for district heating. 

When the tube Is to be used for distribution of high 
pressure gas, for example, the core of the tube is again 
preferably made of steel expanded and flattened sheet 
mesh and the inner and outer plastics layers are prefer- 
ably made of polyethylene. The tube may be in sizes 
ranging typically from 63mm to 250mm outside diame- 
ter. If the tube is to be swaged down so as to be pre- 
compressively stressed for use it may be made Initially 
in sizes ranging typically from 110mm-500mm outside 
diameter before being swaged down to the desired fin- 
ished size. Typically the tube may operate under a pres- 
sure of 25 bar continuous at a temperature of 40° C. 



Claims 

1 . A method of manufacturing a composite tube from 
metal and plastics material for conveying fluids, 
comprising the steps of feeding to a forming unit (4; 
26) a strip (13) of metal sheet having longitudinally 
and laterally spaced openings throughout Its length 
occupying at least 5% of the total surface area of 
the sheet, forming the strip (1 3) into an elongate tu- 
bular core (1 5) at the forming unit and securing edg- 
es of the strip together to retain the tubular form, 
combining an inner layer (24;2B) of the plastics ma- 
terial with the core and extruding onto the core at 
an extrusion die (1 9) an outer layer (25) of the plas- 
tics material to cover the external surface of the core 
and thereby cause the inner and outer layers to be 
integrally joined together through the openings in 
the metal strip of the core, the method being con- 
tinuous for the composite tube to be of indefinite 
length, the strip (1 3) used being expanded and flat- 
tened metal sheet mesh, the formed core (1 5) being 
heated before feeding to the extrusion die (19). the 
inner layer (24; 28) of plastics material being pre- 
formed as a lining for the core or formed by extru- 
sion of the plastics material inside the core, and the 



EP 0 581 820 B1 



75 



20 



25 



30 



35 



40 



45 



50 



5 



EP 0 581 820 B1 



10 



inner and outer layers being formed for each to have 
a thickness of at least 0. 1 mm and for their combined 
thicknesses to be substantially equal to or greater 
than the thickness of the metal sheet mesh. 

5 

2. A method according to Claim 1 characterised in that 
the edges of the strip (13) are secured together In 
overlapping relationship with welding in the formed 
tubular core (15). 

10 

3. A method according to Claim 1 characterised in that 
the edges of the strip (13) are butted and welded 
together in the formed tubular core (15). 

4. A method according to Claim 1 characterised In that is 
the edges of the strip (1 3) are overlapped and fold- 
ed to interlock them together mechanically in the 
formed tubular core (15). 

5. A method according to any of Claims 1 to 4 charac- 20 
terlsed in that the strip (1 3) is helically wound at the 
forming unit (4) to form the tubular core (15). 

6. A method according to any of Claims 1 to 4 charac- 
terised In that the strip (1 3) is bent longitudinally at 25 
the forming unit (26) and opposed edges are 
brought together and secured to form the tubular 
core (15). 



layers (24, 28; 25) is formed to present an uneven, 
undulated or roughened surface. 

11. A method According to Claim 10 characterised In 
that the uneveness, undulating or roughening of the 
said surface Is derived from the form of the adjacent 
surface of the tubular core (15) covered by the re- 
spective layer (24, 28; 25). 

12. A method according to any preceding claim charac- 
terised in that the openings of the metal sheet mesh 
of the strip (13) occupy 15% - 30% of the total sur- 
face area of the formed tubular core (15). 

1 3. A method according to any preceding claim charac- 
terised in that the openings of the metal sheet mesh 
of the strip (1 3) each have in cross-sectional shape 
a dimension of not less than 0,5mm and not more 
than 3.0mm. 

1 4. A method according to any preceding claim charac- 
terised In that the plastics material of the Inner and 
outer layers (24, 28; 25) is polyethylene, cross- 
linked polyethylene, polypropylene, polytetraflu- 
orethylene, chlorinated polyvinyl chloride, per- 
fluroalkoxyethylene, fluorinated ethylene propylene 
or polyvinylidene difluoride. 



10 



30 Patentanspruche 



7. A method according to any preceding claim charac- 
terised in that the plastics material is extruded onto 
the exterbr of the tubular core (1 5) at the extrusion 
die (1 9) and penetrates through the openings of the 
metal sheet mesh of the tubular core (15) so that 
some of the material forms the inner layer (24) on 
the inside of the tubular core, some of the material 
forms the outer layer (25) on the outside of the tu- 
bular core and the two layers are integrally joined 
together by portions of the material extending 
through the openings. 

8. A method according to Claim 7 characterised In that 
a former (1 4) Is located Inside the tubular core (1 5) 
during the extrusion of the plastics material and an 
annular space (21) is defined between the former 
(14) and the intemat surface of the tubular core Into 
which the plastics material which penetrates 
through the openings is received to define the inner 
layer (24). 

9. A method according to any preceding claim charac- 
terised in that the composite tube is swaged down 
to a reduced cross-sectkxial size after the Inner and 
outer layers (24, 28; 25) have been applied to the 
tubular core (15). 

1 0. A method according to any preceding claim charac- 
terised In that at least one of the inner and outer 



1. Verfahren zum Herstellen eines Verbundstoffrohrs 
aus Metall und Kunststoffmaterial zum Fordern von 
Fluiden. aufweisend die Schrttte: Zufuhren eines 

35 Streifens (13) aus Metallblech mit In Langssrich- 
tung und zur Selte hin beabstandeten Offnungen 
uber seine gesamte Lange, die wenigstens 5% der 
Gesamtoberflache des Blechs einnehmen, zu einer 
Formgebungselnheit (4; 26), Bilden des Streifens 

40 (13) in einen langlichen rohrformigen Kern (15) in 
der Formgebungselnheit und Festlegen der Kanten 
des Streifens aneinander, um die Rohrform beizu- 
behaften, VeriDinden einer Innenschlcht (24; 28) des 
Kunststoffmaterials mit dem Kern und Extrudieren 

45 einer AuBenschicht (25) aus Kunststoffmaterial auf 
den Kern an einer StrangpreBform (1 9) zum Abdek- 
ken der AuBenflache des Kerns, und um dadurch 
die Innen- und AuBenschichten zu veranlassen, 
durch die Offnungen in dem Metallstreifen des 

so Kerns Integral mitelnander verbunden zu werden, 
wobei das Verfahren kontinuierllch ablauft, damit 
das Verbundstoffrohr eine unbegrenzte Lange hat, 
wobei der verwendete Strelfen (13) ein ausgewei- 
tetes undflachgedrucktes Metallblechgitter ist, wo- 

55 bei der geformte Kern (1 5) vor dem Zuf Qhren zu der 
StrangpreBform (19) enwarmt wird, wobei die In- 
nenschlcht (24, 28) aus Kunststoffmaterial als Fut- 
terrohr fur den Kern vorgeformt oder durch Strang- 
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pressen des Kunststoffmaterials in dem Kern gebil- 
det wird, und wobei die Innen- und AuBenschichten 
jeweils so geformt werden, daB sie eine Dicke von 
wenigstens 0,1 mm aufweisen, und daB ihre kom- 
binierten Dicken im wesentlichen gteich Oder gro- 
Ber als die Dicke des Metallblechgitters ist. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB die Rander des Streifens (13) in dem ge- 
formten rohrformigen Kern (15) in uberlappender 
Beziehung unter SchweiBen aneinander f estgelegt 
werden. 

3. Vertahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB die Rander des Streifens (13) in dem ge- 
bildeten rohrformigen Kem (15) auf StoB gebracht 
und mitelnander verschweiBt werden. 

4. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daB die Rander des Streifens (13) in dem ge- 
bildeten rohrformigen Kern (15) uberlappt und ge- 
faltet werden. um sie mechanlsch miteinander zu 
verbtocken. 

5. Verfahren nach einem der Anspruche 1 bis 4, da- 
durch gekennzeichnet, daB der Streifen (13) in der 
Formgebungseinheit (4) spirarformig gewickeit 
wird, um den rohrformigen Kem (15) zu bilden. 

6. Verfahren nach einem der Anspruche 1 bis 4, da- 
durch gekennzeichnet, daB der Streifen (13) in 
Langsrichtung in der Formgebungseinheit (26) ge- 
bogen wird, und gegenOberliegende Rander zu- 
sammen gebracht und festgelegt werden, um den 
rohrformigen Kern (15) zu bilden. 

7. Verfahren nach einem der vorangehenden Anspru- 
che, dadurch gekennzeichnet, daB das Kunststoff- 
material auf das AuBere des rohrformigen Kerns 
(15) an der StrangpreBform (19) extrudiert wird und 
durch die Offnungen des Metallblechgitters des 
rohrformigen Kerns (15) so dringt, daB ein Teil des 
Materials die Innenschicht (24) auf der Innenseite 
des rohrformigen Kerns bildet, ein Teil des Materials 
die AuBenschicht (25) auf der AuBenseite des rohr- 
formigen Kerns bikJet und die zwei Schichten durch 
Teiie des Materials, die sich durch die Offnungen 
hindurcherstrecken, integral verbunden werden. 

8. Verfahren nach Anspruch 7, dadurch gekennzeich- 
net, daB eine Formgabeeinrichtung (14) in dem 
rohrformigen Kern (15) wahrend des Extrudierens 
des Kunststoffmaterials angeordnet ist und ein ring- 
formiger Raum (21) zwischen der Formgabeein- 
richtung (14) und der Innenseite des rohrformigen 
Kerns festgelegt ist, in dem das Kunststoffmaterial, 
das durch die Offnungen dringt, aufgenommen 
wird, um die innenschicht (24) zu bilden. 



12 

9. Verfahren nach einem der vorangehenden Anspru- 
che, dadurch gekennzeichnet. daB das Verbund- 
stoffrohr auf eine verringerte Querschnittsabmes- 
sung gestaucht wird, nachdem die Innen- und Au- 

5 Benschichten (24, 28; 25) auf den rohrformigen 
Kem (15) aufgetragen wurden. 

10. Verfahren nach einem der vorangehenden Anspru- 
che, dadurch gekennzeichnet, daB wenigstens ent- 

10 weder die Innenschicht Oder die AuBenschicht (24, 
28; 25) so gebildet ist, daB sie eine unebene, ge- 
wahlte Oder aufgerauhte Oberflache bildet. 

11. Verfahren nach Anspruch 10. dadurch gekenn- 
^5 zeichnet, daB die Unebenheit, Wellung oder Rauh- 

heit der Oberflache von der Form der benachbarten 
Oberflache des rohrformigen Kerns (15) abgeleitet 
wird, die durch die jeweilige Schbht (24. 28; 25) ab- 
gedeckt ist. 

20 

12. Verfahren nach einem der vorangehenden Anspru- 
che, dadurch gekennzebhnet, daB die Offnungen 
des Metallblechgitters des Streifens (13) 15% bis 
30% der gesamten Oberflache des gebildeten rohr- 

25 formigen Kerns (15) einnehmen. 

13. Verfahren nach einem der vorangehenden Anspru- 
che, dadurch gekennzeichnet, daB die Offnungen 
des Metallblechgitters des Streifens (1 3) jeweils ei- 

30 ne Querschnittsform mit einer GroBe von nicht we- 
niger als 0,5 mm und nicht mehr als 3,0 mm aufwei- 
sen. 

14. Verfahren nach einem der vorangehenden Anspru- 
35 che. dadurch gekennzeichnet, daB das Kunststoff- 
material der Innen- und AuBenschichten (24, 28; 
25) Polyethylen. vernetztes Polyethylen, Polypro- 
pylen, Polytetrafluorethylen. chloriertes Polyvinyl- 
chlorid, Pertluorakoxyethylen, fluorierles Ethylen- 

40 propylen oder Polyvlnylidendifluorid ist. 



Revendlcations 

^ 1 . Proc6d6 de fabrication d'un tube composite k partir 
de metal et de mati^re plastique pour transporter 
des fluides, comprenant les stapes d'introduction 
dans une unit6 de fagonnage (4; 26) d'un ruban (1 3) 
de feuille metallique ayant des ouvertures espa- 

50 cees dans les sens tongitudinal et lateral sur toute 
sa longueur, occupant au moins 5% de la surface 
totale de la feuille, de fagonnage du ruban (13) en 
un noyau tubulaire allonge (15) k TunrtS de iagon- 
nage et de fixation des bords du ruban Tun k I'autre 

55 pour conserver la forme tubulaire, de combinaison 
d'une couche interne (24; 28) de la matiere plasti- 
que avec le noyau et d'extrusion sur le noyau k une 
filifere d'extrusion (1 9) d'une couche externe (25) de 
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la mati^re plastique pour recouvrir la surface exter- 
ne du noyau et ainsi causer rassemblage complet 
des couches Interne et exteme k travers les ouver- 
tures du ruban metallique du noyau, le procede 
6tant r6alis6 en continu pour que le tube composite 
soit de longueur tnd^finie, le ruban (1 3) utilise 6tant 
une maille en feuille mitallique dllatSe et aplatte, le 
noyau f orm6 (1 5) etant chauff 6 avant d'etre introduit 
h I'endroit de la matrice d'extrusion (19), la couche 
interne (24; 28) de matidre plastique 6tant pr6-for- 
m^e en revetement pour le noyau ou fomn^e par 
extrusion de la matidre plastique k rint^rieur du 
noyau, et les couches interne et exteme 6tant for- 
mees pour que chacune ait une epaisseur d'au 
moins 0,1 mm et pour que leur 6paisseur combin6e 
soit sensiblement egale ou superieure k I'epaisseur 
de la mallie en feuille mdtalllque. 

2. Proc6de salon la revendication 1 , caracterise en ce 
que les bords du ruban (1 3) sont fix6s I'un k I'autre 
dans une relation de chevauchement avec soudage 
dans le noyau tubulaire form6 (15). 

3. Procede selon la revendication 1 , caracterise en ce 
qu'on met bout a bout les bords du ruban (1 3) et en 
ce qu'on les soude ensemble dans ie noyau tubu- 
laire form6 (1 5). 

4. Procede selon la revendication 1 , caracterise en ce 
qu'on fait se chevaucher les bords du ruban (1 3) et 
en ce qu'on les replie pour qu'ils s'imbriquent de fa- 
gon mScanique dans le noyau tubulaire form6 (15). 

5. Procede selon I'une quelconque des revendicatlons 
1 k 4. caract6ris6 en ce qu'on enroule le ruban (13) 
de fagon h^licoTdale a I'unrte defagonnage (4) pour 
former le noyau tubulaire (15). 

6. Procede selon I'une quelconque des revendtcations 
1 k 4, caract§ris6 en ce qu'on courbe le ruban (13) 
dans le sens longitudinal a I'unite de fagonnage (26) 
et en ce qu'on rassembie les bords opposes et en 
ce qu'on les fixe pour former le noyau tubulaire (15). 

7. Procede selon Tune quelconque des revendicatlons 
pr6cedentes, caracterise en ce qu'on extrude la ma- 
tiere plastique sur I'ext^rieur du noyau tubulaire (1 5) 
k la fili^re d'extrusion (1 9) et en ce qu'elle p6n6tre 
k travers les ouvertures de la maille en feuille me- 
tallique du noyau tubulaire (15) de maniere qu'une 
partie de la matiere forme la couche interne (24) k 
I'interieur du noyau tubulaire, qu'une partie de la 
matiere forme la couche exteme (25) k I'extdrieur 
du noyau tubulaire, et en ce qu'on r6unit complete- 
ment les deux couches par des parties de la matiere 
s'etendant a travers les ouvertures. 



qu'un gabarit (14) estsitu6 k I'interieur du noyau tu- 
bulaire (15) au cours de I'extrusion de la matiere 
plastique et en ce qu'un espace annulaire (21) est 
defini entre le gabarit (14) et la surface interne du 
noyau tubulaire, dans lequel est regue la matiere 
plastique qui p^netre k travers les ouvertures pour 
d^finir la couche interne (24). 

9. Proc6d6 selon Tune quelconque des revendicatlons 
pr6c6dentes, caract6ris6 en ce qu'on r6duit par em- 
boutissage le tube composite jusqu'^ une taille de 
section plus faible apr^s que les couches interne et 
exteme (24, 28; 25) aient 6t6 appliqu6es au noyau 
tubulaire (15). 

10. Procede selon I'une quelconque des revendicatlons 
pr6c6dentes, caract6ris6 en ce qu'au moins une 
des couches interne et externe (24, 28; 25) est fa- 
9onn6e pour presenter une surface In6gale, ondu- 

lee ou rendue rugueuse. 

11. Proc6d6 selon la revendication 10, caract6ris6 en 
ce que le caract§re in6gai, ondul6 ou rugueux de 
ladite surface est obtenu k partir de la forme de la 
surface adjacente du noyau tubulaire (15) recou- 
verte par la couche respective (24, 28; 25). 

1 2. Procede selon I'une quelconque des revendicatlons 
precedentes. caracterise en ce que les ouvertures 
de la maille en feuille m6tallique du ruban (13) oc- 
cupent 15%- 30% de la surface totale du noyau tu- 
bulaire form6 (15). 

1 3. Procede selon I'une quelconque des revendicatlons 
pr6c§dentes, caract6ris6 en ce que les ouvertures 
de ia maille en feuille metallique du ruban (13) ont 
chacune une section d'une taille comprise entre 0,5 
mm et 3,0 mm. 



40 1 4. Procede selon I'une quelconque des revendicatlons 
precedentes, caracterise en ce que la matlfere plas- 
tique des couches interne et exteme (24, 28; 25) 
est le polyethylene, le polyethylene reticule, le po- 
lypropylene, le polytetrafluoroethylene, le chlorure 

4S de polyvinyle chlore, le perfluoroalcoxyethylfene, 
I'ethyiene-propyiene fluor6 ou le difluorure de poly- 
vinylidene. 
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8. Procede selon la revendication 7, caracterise en ce 
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